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Measurements have been made of sane of the mgh-speed characteristics 
of the D-558-1 airplane up t o  a Mach n&er of 0 -89. The results of these 
t e s t s  showed that t h e  stabi l izer  incidence drastically affected the longi- 
tudinal trlm characteristics above a Mach nmiber of 0.80. With a stabi l izer  
incidence of 2.3O, the airplme became nose heavy  above a Mach n&er 
of 0.8. With a stabi l izer  incidence of 1.40, the airplane became t a i l  
heavy above a Mach nuoiber of 0.83. The airglane also became right-wing 
heavy  above a Mach n&er of 0.8k and the airplane fe l t  uncertain  laterally 
t o  the pilot .  The longitudinal stabill.-$. in accelerated flight was positive 
throughout t he  speed range from a Mach nmiber of 0 -50 t o  0.80 and increased 
above a Mach n M e r  of 0.675- The buffet boundary was defined up t o  a Mach 
nuniber of 0.84 and was sFmilar to that fo r  .the Bell XS-1 -lane w i t h  the 
same wing section, 65-1-1.0. . 

INTFiOWCTION 

Tlie NACA is engaged in  a flight-research program in the  transonic- 
speed range util izing Douglas D-558-1 type afrplanes which were pro- 
cured for use by the XACA in high-speed flight. One of these airglanes 
(BuAero No. 37971) wae being used for  Investigation of s tab i l i ty  and con- 
trol charactsristics. This &plane was l o s t  in an accident on May 3, 1948. Up to the % i m e  of the accident, two reports cover- sane memure- 
menta of longitudinal  stabilitg  (reference  1) and msasuraznsnts of the 
stabil i ty  characterist ic8 Fn sideslips  (reference 2) had been published. 
This paper presents s o m ~  of the more pertinent high-speed results obtained 
prior t o  the ac.cident w h i c h  were not  reported in references 1 or 2. 
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Mach n&er corrected  for  position e r ro r  

Mach number error (M-M') 

normal acceleration, Q units 

elevator force, pounds 

sideslfp w e ,  degrees from arbitrary  reference (appmx. 
paranel to  center line of airplane) 

stabilizer setting, de@yees f'ra fuselage level line 

dynamic peesure, pounds per square foot 

airplane gross weight, pounds 

w i n g  area, square feet 

The Douglas E-39-1 airplane is a single-place lar-~lng mnoplane 
powered by a General Electric %-BO turbojet engwe. General views of 
the airplane m e  given in figurea l(a), l(b), and l(c) A three-view 
draw- of t h e  airplane is given in figure 2. Detailed.  specifications 
of the airplane a r e  given In reference 1. 

The force required to  move t he  wheel controls slowly under  static 
airplane condltions is shown in figure 3. The rudder friction  is  of t he  
order of 7 pounds near neukral poeitian. The elevator  control has a 
bungee tending to  return t h e  elevator to the down position. All control8 
have hydraulic  dampere  at  the  control  surface which necessitate  high 
control force for rapid  motion  of  control. 
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of the subject airplane . A l l  recorda were synchronized by meam of a 
ccBmKlIl timing circui t .  The instruments used and t he  quantities measured 
follow: 

Recording instnrmsnt Quanti* lnsaeured 

Airspeed-altitude  recorder 
Three-component acceleroaneter 

Angular-velocity  recorder 
Yaw-angle recorder 
Wheel-force recarder 
Pew-force  recorder 
Control-position  recorder 

Timer 

Lndfcated airspeed,  pressure  altitude 
ITormal, longitudinal, and transveme 

R o l l i n g  velocity 
Sfdeslip angle 
A i l e r o n  and elevator force 
Rudder-pedal  force 
A i l e r o n ,  elevator, rudder, and 

Time 

acceleration 

stab'ilizer  position 

The yaw vane used w i t h  the y a w - w e  recorder was mounted 8 distance 
of 1 chord  ahead of the l e f t  wing t ip .  The airspeed head w a 8  mounted on 
a boom an the right wing t i p  of such length that the stat ic   or i f ices  were 
at a dlstance of 1 chord ahead of the wing &ding edge. 

A calibration of the airspeed sgstaul WBB made wing t he  fly-by and 
radar tracking msthode of reference 3.  The resulta of the calibration 
a m  presented in figure 4 as a varlaticm of percentage error in Mach 
rimer M, with corrected Mach nmiber. The error  iscreases above M = 0 -75 
due t o  bl?cking effects of -3 wing on static pressure at the airspeed 
head. These results are in general agreement w i t h  data obtained fKgn 8 
SIIU~U~ airawed  installation on the B ~ U  XS-1 airplane, reference 4. 

The s tab i l i ty  masurements reported here were obtained f o r  the most 
p a r t  from two high-speed runs t o  a Mach number of approximately 0.89 and 
several turns made at various Mach nmibers up to 0.81. Tfme histories 
of the two high-speed run6 made a t   a l t f tudes  of about 40,OOO f ee t  are 
given in f ignes. 5 and 6 In the run shown in figure 5 ,  the pilot  used 
a  stabil izer  sett ing of 2.3O; in the run Sham in figure 6, a stabi l izer  
sett ing of 1.40 wa6 used. A s  sham in figure 5 ,  the a i rp lane  with a 2.3O 
stabi l izer  sei5thg became lncreasingly nose heavg 88 the Mach nmiber was 
increased 'above 0.80. During the lnitia& phase of the recovery, (after 
50 sec) an appreciable p u l l  force was required t o  increase the normal- 
force coeff  icfent and bcrease the Mach rimer. A s  the Mach number 
decmased (time, 60 sec) ,  the nose heaviness also decreased and the pilot 
w88 required t o  relieve the p u l l  force t o  prevent  reaching high values 



4 ISACA RM No. BED3 

of acceleration. W i t h  the 1.4' stabil izer  sett ing in  figure 6 the air- 
plane became increasinglg t a i l  heavy  above a Mach nmber of 0.83. During 
the recovery in  this run (65 to 89 sec and M = 0.88 to 0.834) the pi lo t  
merely decreased the push force and a normal recovery was effected. The 
pilot  reported that in  both rum, there w a ~  buffeting which  began a t  
about  a Mach nIzniber of 0 *85. It is also interesting t o  note  that above a 
Mach nmiber  of 0.84, the airplane becanes very right-wing heavy  and t he  
pilot  applied  control t o  correct it. The pilot  reported  that t h i s  wing 
heaviness was not  sontinuous and it was diff icul t  t o  debmine the Lateral 
control  required for trim. As a coneequence, tple airplane f e l t   unce r t ab  
laterally a t  t he  highest speeds as can be seen by the conk01 motians wed 
by the pilot, and the lateral   oscil lat3om which resulted. Some of th i s  
uncertainty in late- trim may arise from aileron  frictioa.  (See f ig .  3.) 

In order t o  i l lustrate   fur ther  the control  required by the pilot  t o  
trim the airplane,  control  positions and forces and sideslip angle fo r  
s t eaQ flight were selected from figures 5 and 6 and plotted in figure 7 
as  functions of Mach number. In this figure, the difference in control 
required fo r  t r i m  caused by the two stabil izer  sett ings is clearly shown. 
These trim changes, from the standpoint of pilot 's  forces, are  W g e  
that  approximately 30 pounds force was required in either the pull  or  
push direction, depending on the stabil izer  sett ing.  Ln the case of the 
Bell XS-1, data f o r  two stabil izer  sett ings shared no difference in the 
direction of the t r i rn  change ae the airplane becomes nose heavy in  both 
cases  (reference 4) f o r  this Mach nmber range. Ths right-wing heaviness 
is i l lustrated in th is  figure by the increased le f t   a i le ron  f o r  trim 
required a t  the higher speeds. There w a ~  no appreciable change in rudder 
position or sideslip angle. (A eimilar phenamsnon of w h g  heaviness w a a  
noted w i t h  the XS-I airplane  (reference 4) - )  

Some s tab i l i ty  and control data in accelerated  flight w e r e  obtained 
from steadily  increasing tuma made a t  an alt i tude of 30,000 feet i n  a 
Mach  nuuiber range from 0.50 t o  0.80 and one turn made a t  10,000 f e e t   a t  
a Mach  nulziber of 0 -71. The reeulte of these measureansnts are given i n  
figure 8 where the stick force per g and elevator angle required  per 
unit Cm are  plotted  as  functione of Mach nmiber. These data show that  
the longitudinal  stability is positive throughout the speed  range and is 
lowest a t  about  a Mach  number of 0.675. Above 'a Mach  number  of  0.675, 
t h e  etability  increases with increasing Mack nlnriber. These results are 
i n  general agreement with the data obtained on t h e  Bell XS-1 airplane 
(reference 5 )  Although data were available only a t  one speed for  an 
alt i tude of 10,000 feet ,  it is interesting t o  note that the apparent 
s tabi l i ty  i o  hfgher a t  10,000 fee t  than a t  30,000 feet .  Some of this  
difference can be accounted f o r  by the effect of altitude  but it is also 
possible that, because of the higher dynamic .pressure at the lower &ti- 
tudes, the apparent s t a b i l i t y  is altered by distortion  effects. 

The buffet boundary f o r  the D-558-1 airplane has been determined 
from straight stalls, turna, and high-speed ruzls. The results of these 
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measurements are aven ~n figure 9 *ere the nom-force  coeff ic ients  
necessary fo r  buffet- are plotted as function8 of Mach number.  The 
buffet bouudary as  presented In t h i s  figure deflnee the c d i n a t i o n  of 
Mach  number and normal-force coefficient where buffet-  begins. Below 
a Mach nmiber of 0 -70, the airplane was flown into the buffet boundary 
and the  test   points shown beyond the boundary represent maxlmun l i f t  for 
a gradual maneuver a t  the t e s t  speed. Above a Mach nuuiber of 0 .TO, the 
airplane m a  flown into the  buffet regFan but peak l i f t  was not  obtained 
during me tests. For compariscm, the  buffet boundary f o r  the B e l l  E-1 
airplane with the same wing sectcqn 65-110 (referencee 4 and 6 )  is 00 
shown i n  this figure . As might be eqected, the buffet boundaries f o r  
the two airplanes are  q u i t e  similar. 

Data obtained in f l i gh t  up t o  a Mach nmber of 0.89 with the 
0-558-1 airplane showed the following: 

1. With a s t ab i l i ze r  incidence of 2.3O, a longitudinal trim change 
in the nose-down dfrectlon was experienced above a Mach nznnber of 0 -80. 
With a s tabi l izer   set t ing of 1.40, a longitudinal trim change i n  the 
nose-up direction wae experienced above a Mach  number of 0.83. 

2. The airplane becanes r ight-dng heavy above a Mach number of 0 -84. 
This lateral dioturbance is such that the airplane and control feel very 
unoertain to the p i lo t -  

3. The longitudinal  stability in accelerated  flight was positive 
from a Mach number .of 0.50 to 0 -80 and Fncreaeed above a Mach nmber 
of 0.675. 

4. The buffet boundary was determined up t o  a Wch rimer of 0.84 
and is similar tn that  f o r  the Bell XS-I airplane w i t h  the aame 65-uo 
wlng section 
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(a) Side view. 

(b) Three-quarter front view. 

(c) Front view. 

Figure 1,- Photographs of D-558-1 airplane. - 
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Figure 2.- Three-view drawing of D-558-1 airplane. 
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figure 3.- ControL Crlctton krces obtmned by 
movlnq contrds SLOWLY in d/p.ectlon shown. 
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